Rangelia vitalii is a protozoon described from dogs in the south and southeast regions of Brazil. It is phylogenetically related to Babesia spp. that infects dogs, but data on this enigmatic parasite is still limited. The aim of this work was to detect piroplasm species in dogs in the state of Rio de Janeiro, Brazil, by 18S rRNA gene-based PCR assay, restriction fragment length polymorphism (RFLP) and sequence analyses. Of 103 dogs examined, seven (6.8%) were positive for Babesia spp. by PCR. The amplified products were digested by restriction enzymes to differentiate the Babesia species, and one sample was identified as Babesia vogeli. The pattern observed for the other six amplification products did not match with pattern described for large Babesia infecting dogs. Sequencing analysis confirmed these six samples as R. vitalii, with high homologies (99-100%) with a sequence from south Brazil. This study confirms the presence of Babesia vogeli and Rangelia vitalii circulate in domestic dogs in Teresópolis, Rio de Janeiro, Brazil.
Introduction
Canine babesiosis is a parasitosis caused by the intraerythrocytic protozoa of the genus Babesia (LEVINE, 1973) . Traditionally, Babesia classification in dogs is performed microscopically based on the parasite morphology in the erythrocytes. Large Babesia are usually referred to as "B. canis", whereas small Babesia as "B. gibsoni" (SOLANO-GALEGO et al., 2008) . Recent advances in molecular techniques have enabled the detection and identification of piroplasmid species that infect dogs. Babesia canis is divided into three genetically distinct species: B. canis, B. vogeli and B. rossi (UILENBERG, 2006) . A new species of large (as yet unnamed) Babesia has been described infecting
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Detecção e caracterização molecular de piroplasmas em cães naturalmente infectados no Sudeste do Brasil ; Carlos Luiz Massard 6 ; Nádia Regina Pereira Almosny dogs in North Carolina, USA (BIRKENHEUER et al., 2004; LEHTINEN et al., 2008) . Nowadays, other small piroplasms are known to infect dogs including Theileria annae (ZAHLER et al., 2000) , B. conradae (CONRAD et al., 1991; CONRAD, 2006) , T. annulata (CRIADO et al., 2006) , T. equi (CRIADO-FORNELIO et al., 2003) and Theileria sp. (MATJILA et al., 2008) . Rangelia vitalii is an intracellular parasite belonging to the phylum Apicomplexa and order Piroplasmida (LORETTI; BARROS, 2004) . This protozoan infects dogs and is supposedly transmitted by ticks and causes a disease that is popularly known as "nambiuvú" (bloody ears) or "plague of blood". This illness has been described only in the south and southeast regions of Brazil (BRAGA, 1935; BARROS, 2004 BARROS, , 2005 DA SILVA et al., 2011) . In a recent study conducted in southern Brazil R. vitalii was molecularly characterized (SOARES et al., 2011) .
Rangelia vitalii is described as infecting mainly young dogs, but adult dogs can become infected. Dogs that live in both rural and urban areas may be affected. It is believed that the vectors of this agent are ticks of the species Riphicephalus sanguineus and Amblyomma aureolatum BARROS, 2004 BARROS, , 2005 .
The life cycle of R. vitalii consists of an erythrocytic stage of development and exoeritrocytic form occurring in the cytoplasm of neutrophils, monocytes and endothelial cells (LORETTI; BARROS, 2005; SOARES et al., 2011) . Morphologically, intraerythrocytic forms are very similar to B. vogeli, and pyriform to round shapes can be arranged in pairs on the same erythrocyte. Piroplasms are found in the blood circulation, mainly in the acute phase of infection. Parasites are numerous in histological sections of organs such as liver, spleen, kidneys, lungs and bone marrow. In these organs, the parasites are found in capillary endothelial cells and reticuloendothelial cells (CARINI; MACIEL, 1914; CARINI, 1948; BARROS, 2005) .
Recent molecular studies characterized B. vogeli (PASSOS et al., 2005; SÁ et al., 2006) , B. gibsoni (TRAPP et al., 2006) and R. vitalii SOARES et al., 2011) as the causative agents of canine piroplasmosis in Brazil. Studies on this disease are limited, especially those involving the molecular characterization of these piroplasmids in different regions of Brazil. Therefore, it is important to better characterize the piroplasm species infecting dogs in Brazil in order to improve the diagnosis and treatment of the diseases they cause.
The aim of this study was to detect and characterize piroplasm species in dogs from southeastern Brazil using both parasitological (buffy coat and capillary blood smear examination) and molecular methods (polymerase chain reaction (PCR), restriction fragment length polymorphism (RFLP) and sequence analyses).
Material and Methods

Samples and optic microscopy
Blood samples from 103 dogs examined in a private veterinary clinic in Teresópolis, Rio de Janeiro, were used in this experiment. The area (22° 24' 44" N and 42° 57' 56" W) (http://www.apolo11.com) is located in the mountainous region of Rio de Janeiro, has a tropical latitude climate, with an annual average temperature of 20 °C (http://www.teresopolis.rj.gov.br/). The animals were selected with no preference for breed, age or sex during the period between November 2006 and May 2008.
Blood samples for DNA extraction were collected in tubes containing 10% ethylenediaminetetraacetic acid anticoagulant. Capillary blood smears were made at the moment of sample collection and were stained by quick-stain procedures (Instant-Prove®) for hemoparasite screening. The featherd edge and the lateral borders of the smears were examinated.
Extraction, amplification, RFLP and DNA sequencing
DNA extraction was performed with 200 µL of total blood, using the Illustra Blood Genomicprep Kit (GE Health Care®) according to the manufacturer's instructions. From the DNA extracted from each sample, a fragment of the 18S rRNA was amplified with primers PIRO A (5-AAT ACC CAA TCC TGA CAC AGG G-3´) and PIRO B (5´-TTA AAT ACG AAT GCC CCC AAC-3´). The program consisted in an initial denaturation step at 94 °C for 5 minutes, followed by 30 denaturation cycles at 94 °C for 1 minute, annealing at 55 °C for 1 minute and extension at 72 °C for 1 minute. A final extension step at 72 °C for 5 minutes was used (CARRET et al., 1999) .
To define the species of Babesia, the amplification products were digested with the enzymes Hinf I (Biolabs®, New England) and Taq I (Biolabs®, New England) for 3 hours (CARRET et al., 1999) and then analyzed by 2% agarose gel electrophoresis.
Only samples that showed different restriction patterns from piroplasm species described in the literature were sequenced from data of two previous amplifications of the 18S rRNA gene, as described by Soares et al. (2011) with modifications. The sequences were aligned using the program Mega version 5 (TAMURA et al., 2011) to generate the unique sequence of each sample. The first PCR was performed with primers Bab 33-57 (5´-GCC AGT AGT CAT ATG CTT GTC TTA A-3´) and Bab 432-409 (5´-TTC CTT AGA TGT GGT AGC CGT TTC-3´), which amplify a fragment of ~370 bp. The program consisted of an initial denaturation step at 95 °C for 5 minutes, followed by 40 denaturation cycles at 95 °C for 40 seconds, annealing at 56 °C for 40 seconds and extension at 72 °C for 40 seconds. A final extension step at 72 °C for 5 minutes was performed. In the second amplification, the primers Bab 143-167 (5´-CCG TGC TAA TTG TAG GGC TAA TAC A-3´) and Bab 858-834 (5´-CCT CTG ACA GTT AAA TAC GAA TGC C-3´) were used, the latter being designed herein to amplify a fragment of ~715 bp. The reaction conditions were as follows: an initial denaturation step at 95 °C for 5 minutes, followed by 40 denaturation cycles at 95 °C for 1 minute, annealing at 64 °C for 1 minute and extension at 72 °C for 1 minute. A final extension step at 72 °C for 5 minutes was performed. For all amplifications, previously known positive B. vogeli samples and negative samples were used as controls.
The amplicons were purified with the commercial PureLink TM PCR Purification Kit (Invitrogen®, Carlsbad, CA, USA), according to the manufacturer's instruction. The purified DNA was sequenced by the automated sequencer ABI Prism 3130.
Phylogenetic analysis
The sequences obtained by amplifying the gene fragment encoding the 18S rRNA, when sequenced with primers BAB 33-57/BAB 432-409 and BAB 143-167/BAB 858-834, were compared with those available in the GenBank through the BLAST program. The genetic similarity tree was constructed using the algorithm Neighbor Joining of the program MEGA version 5 (TAMURA et al., 2011) . For phylogenetic comparison, the following 18S rRNA gene sequences were included in the alignment: Rangelia vitalii (HQ150006.1) 
Results
Optic microscopy, PCR assay and RFLP
In the capillary and circulating blood smears, four (3.9%) of the 103 dogs evaluated showed intraerythrocytic parasites compatible with Babesia spp.
In all samples that were positive by light microscopy (samples 1, 3, 5 and 7) and three others (samples 2, 4 and 6), the 18S rRNA gene fragment of Babesia of approximately 400 bp was amplified. All samples that tested positive by PCR (6.8%) were submitted to RFLP analysis. Using the enzyme Taq I, only sample 1 was cleaved into three fragments of different sizes. With the exception of sample 1, the other six samples were cleaved with the enzyme Hinf I into two fragments of approximately 200 bp, which were not separated by electrophoresis due to their similar size (Figure 1) . The pattern of cleavage of sample 1 is consistent with the subspecies B. vogeli (CARRET et al., 1999) .
Amplifications using the primer pairs BAB 33-57/BAB 432-409 and BAB 143-167/BAB 858-834 produced products of ~370 and 715 bp, respectively.
DNA sequencing
Sample 1 (GenBank access number GQ214514.1), when sequenced with primers PIRO A and PIRO B, shared 100% identity with B. vogeli from Venezuela (GenBank access number DQ297390.1), Japan (GenBank access number AB083374.1) and Brazil (GenBank access number AY371196.1).
Samples 2 through 7, when sequenced with primers BAB 33-57/BAB 432-409 and BAB 143-167/BAB 858-834, were aligned using the program Mega version 5 (TAMURA et al., 2011) to generate the unique sequence of each sample. The final sequences were deposited into GenBank (GenBank access numbers JN880428, JN880429, JN880430, JN880431, JN880432 and JN880433). Sequences 2 through 6 and sequence 7 shared 99% and 100% identity, respectively, with R. vitalii from Santa Maria, Brazil (GenBank access number HQ150006.1).
The phylogenetic tree demonstrated that samples 2 through 7 and the R. vitalii sample from Santa Maria form a new branch of piroplasms (Figure 2 ), a conclusion that is supported by the high bootstrap value of this phylogenetic analysis.
Discussion
Molecular studies have revealed a vast genetic diversity of piroplasms infecting dogs (CRIADO-FORNELIO et al., 2003) . PCR amplification of 18S rRNA partial sequences allows the identification of different Babesia species that were previously indistinguishable due to the similarity in the parasites' morphology (BIRKENHEUER et al., 2004; DUH et al., 2004; MATJILA et al., 2004; SÁ et al., 2006) . Passos et al. (2005) provided the first molecular characterization of B. vogeli in Brazil. These authors used blood samples from dogs from the states of São Paulo and Minas Gerais. PCR amplification and sequencing of the 18S rRNA showed 100% similarity between the Brazilian isolates, which were identical to an isolate from Japan (AB083374.1) deposited into GenBank. Sá et al. (2006) performed the first detection of B. vogeli in Rio de Janeiro. They used the same protocols for PCR-RFLP as described by Carret et al. (1999) .
In our study, PCR-RFLP was found to be a fast and practical method. DNA cleavage of other six samples by the enzyme Hinf I produced fragments that did not match any restriction pattern described in literature, suggesting that these samples were another piroplasmids species (CARRET et al., 1999; SOLANO-GALLEGO et al., 2008) .
Recent advances in molecular techniques have enabled the detection and identification of piroplasmid species with high sensitivity and specificity when compared to other diagnostic methods (FÖLDVÁRI et al., 2005 T. equi (CRIADO-FORNELIO et al., 2003) , Theileria sp. (MATJILA et al., 2008) and a yet undescribed species of large Babesia identified in North Carolina, USA (BIRKENHEUER et al., 2004; LEHTINEN et al., 2008) .
Rangelia vitalii, which has been described in the south and southeast regions of Brazil, was shown to be phylogenetically closely related to a Babesia spp. sensu stricto group of piroplasmas that infects dogs (SOARES et al., 2011) . This parasite was first described morphologically in the State of São Paulo (PESTANA, 1910a, b) and subsequently by immunohistochemestry in the State of Rio Grande do Sul (LORETTI; BARROS, 2005) . Morphologically, intraerythrocytic forms of R. vitalii closely resemble B. vogeli. Piroplasms are often scarce in the bloodstream, but might be more frequent in the acute phase of infection (CARINI; MACIEL, 1914; CARINI, 1948; BARROS, 2005; DA SILVA et al., 2011) . The present study demonstrated that 6.8% of the samples were positive by PCR, whereas 3.9% were positive by morphological examination. Thus, PCR can be considered to be a more sensitive assay.
The sequence analysis of the six samples in our study shows that they were genetically similar to R. vitalii from Santa Maria (SOARES et al., 2011) . The phylogenetic tree demonstrated that the six R. vitalii samples from this study and the R. vitalii from Santa Maria form a new branch of piroplasms, a conclusion that is supported by the high bootstrap value.
In summary, PCR-RFLP and sequencing revealed the presence of R. vitalli in Rio de Janeiro, which suggests that the geographic distribution of this parasite in Brazil is probably larger than currently known.
